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Abstract: We study flavour-violating processes which involve heavy B- and D-mesons
and are mediated by Kaluza-Klein modes of gauge bosons in a previously suggested model
where three generations of the Standard Model fermions originate from a single generation
in six dimensions. We find the bound on the size R of the extra spatial dimensions 1/R &
3.3 TeV, which arises from the three-body decay B0s → Kµe. Due to the still too low
statistics this bound is much less stringent than the constraint arising from K → µe,
1/R & 64 TeV, which was found in a previous work [1]. Nevertheless, we argue that a clear
signature of the model would be an observation of K → µe and B0s → Kµe decays without
observations of other flavour and lepton number changing processes at the same precision
level.
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1 Introduction
Large extra dimensions (LED) (see Ref. [2] for review) may help in understanding the
flavour puzzle, which is one of the most intriguing issues of the Standard Model (SM)
of particle physics. In particular, in the previous series of works, models have been sug-
gested [3, 4] and studied [1, 5–11] where a single family of fermions, with vector-like cou-
plings to the SM gauge fields in six dimensions, gives rise to three generations of chiral SM
fermions in four dimensions (see Refs. [12, 13] for short reviews). These generations appear
as three zero modes due to a specific interaction of 6D fermions with fields (namely, a scalar
field Φ and a Ug(1) gauge field
1 AA) which build up a two dimensional topological defect,
known as the Abrikosov–Nielsen–Olesen vortex. The number of families nf = 3 is however
not automatically guaranteed, but can be achieved by an adequate axial charge assignment
with respect to Ug(1) group for the fermions. Initially the model has been formulated in flat
and infinitely large extra dimensions. Later, to incorporate four-dimensional gauge fields,
a compactified version of the model has been developed [14]. There, fermions are localized
in the core of a (5 + 1)-dimensional vortex, and two extra dimensions form a sphere with
1Our notations coincide with those used in Refs. [1, 3]. In particular, six-dimensional coordiantes are
labeled by capital Latin indices A,B = 0, . . . , 5. Four-dimensional coordinates are labeled by Greek indices,
µ, ν = 0, . . . , 3. The signature is mostly negative.
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radius R accessible for (non-localized) SM gauge bosons. Though gravity is not included
in the consideration, it should be stressed that the choice of the manifold is not important
for our principal conclusions [1]. The extra dimensions can even be infinitely large. In this
case, the role of the radius R of the sphere is taken by a typical size of the localized gauge
zero modes but not by the size of the extra dimensions.
The main feature of the model which will be important in what follows is that the
three fermionic zero modes localized in the vortex background have different generalized
(supplemented by Ug(1) global rotations) angular momentum and, as a result, have different
ϕ and θ-dependencies, where θ and ϕ are the polar and the azimuthal angles on the sphere,
respectively. Typically, one has [14] the following angular dependence for fermionic zero
modes,
Ψn(θ, ϕ) ∼ fn(θ)ei(3−n)ϕ, n = 1, 2, 3, (1.1)
where θ-dependent wave functions fn(θ) behave near the origin, as:
fn(θ) ∼ θ3−n, θ → 0 (1.2)
(θ = 0 corresponds to the center of the vortex).
If the Brout-Englert-Higgs (BEH) scalar H couples to the defect, its classical ϕ-
independent configuration can also be nonzero in the core with a typical size RθH ≃
RθΦ [9, 10], where RθΦ is a typical size of the scalar Φ. With different wave function pro-
files (1.1), (1.2) for different modes, their overlap with H leads to a power-like hierarchical
structure of masses and mixings from the 4-dimensional point of view
m33 : m22 : m11 ∼ 1 : δ2 : δ4 , (1.3)
which is governed by a small parameter [14]
δ =
θΦ
θA
∼ 4
√
md
mb
∼ 0.1 , (1.4)
where θA ≃ 0.1 is the angular size of the vortex gauge field AA. Thus, one sees from
Eqs. (1.2), (1.3) that number G, which enumerates the 4-dimensional fermionic generations,
is nothing but the angular momentum n of the zero modes from the 6-dimensional point
of view. It is worth noting that in the absence of mixings which appear from the fermion
couplings with ϕ-dependent Φ and ϕ-independentH, the angular momentum, and therefore
the generation number, are strictly conserved quantities.
The Kaluza-Klein (KK) spectrum of the SM gauge bosons breaks up into two groups
of the modes [1]. The first group contains modes which do not depend on ϕ, and so have
zero angular momentum. In particular, zero modes of the gauge bosons, which correspond
to the usual 4D SM gauge fields, are independent from extra dimensional coordinates ϕ
and θ, and therefore belong to this group. The second group contains ϕ-dependent modes
only. The 4D mass spectrum of these fields starts from
√
2/R. Since the fields of the
second group are ϕ-dependent, they carry angular momentum and so generation number.
As a result, they can (and have to) violate flavour and/or lepton number. Indeed, from the
6-dimensional point of view, say, µ and e are modes of the same fermion, the difference is
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only in their 6D angular momenta. Therefore, the angular momentum of the state µ+e−
is equal to 1 (2 for e− and −1 for µ+). The same is true for the state ds¯. Since both states
interact with 6D photon and Z-boson there are KK modes of the gauge bosons which
carry unit angular momentum and lead to the forbidden decay K0 → µe. The decay rate
of this process is suppressed by the masses of the KK modes, that is, by R4. Note that this
process does not violate generation number but violates lepton number and takes place
even in the absence of the intergeneration mixings. If one takes into account mixings then
other FCNC processes become allowed, e.g. µ→ 3e (∆G = 1) or additional contributions
to CP violation in kaons and kaons mass difference (∆G = 2). However, the amplitudes of
these processes in addition to the suppression by the masses of KK modes are suppressed
at least by the factor (ǫδ)|∆G| where ǫ ∼ 0.1 ÷ 1 is the parameter, which governs mixings.
Thus, the latter processes are typically less restrictive than the flavour-conserving, but
lepton number violating processes.
The specific pattern of these flavour(lepton number)-violating effects, which could
distinguish the models of this class from other LED models by signatures in rare processes
at low energy, has been studied in Ref. [1]. In particular, the forbidden kaon decays
K0 → µe, K+ → π+µ+e− (∆G = 0), lepton flavour violation µ → 3e, µ → eγ, µe-
conversion (∆G = 1), and additional contributions to KL −KS mass difference and CP -
violation in kaons (∆G = 2) have been studied. It has been found that the strongest
constraint on the size of the extra-dimensional sphere (or the size of the gauge bosons
localization) R,
1
R
&
1
RK→µe
≡ 64 TeV , (1.5)
arises from non-observation of the decay K0 → µe. A clear signature of the model would
be an observations of K0 → µe decay without observation of µ → 3e, µ → eγ and µe-
conversion at the same precision level.
On the other hand, recently there has been significant progress in studying of the
physics of heavy B andD-mesons mostly due to the CLEO-c [15], Belle, BaBar [16, 17] and
LHCb [18] experiments. Therefore, the main goal of this paper is to study phenomenological
constraints on the extra-dimensional size R arising from an analysis of rare processes in
the heavy mesons physics. Our aim is twofold. First, we obtain the constraints on R from
the present-day experimental data. Second, we single out those processes with the heavy
mesons, which have maximal probability if the radius R = (64 TeV)−1.
The paper is organized as follows. In Sec. 2 we give a brief description of the Lagrangian
responsible for the flavour-violating processes. We study specific flavour-changing effects
involving B-mesons in Sec. 3 and D-mesons in Sec. 4. We conclude in Sec. 5 with a
description of distinctive features specific for the given class of models.
2 Effective four-dimensional Lagrangian
The effective 4D Lagrangian, which is responsible for the flavour-violating effects, has been
obtained in Ref. [1]. Here we give some results mostly with the aim to introduce notations,
which are used in what follows.
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The 4-dimensional interaction of the fermionic zero modes with KK tower of the photon
is given by (all fields depend on 4-dimensional coordiantes only)
L4 = e · Tr(Aµj∗µ), (2.1)
where e is the usual 4-dimensional electric charge,
Aµ = (Aµ)† =
∞∑
l=0


El,011A
µ
l,0 E
l,1
12A
µ
l,1 E
l,2
13A
µ
l,2
El,121A
µ∗
l,1 E
l,0
22A
µ
l,0 E
l,1
23A
µ
l,1
El,231A
µ∗
l,2 E
l,1
32A
µ∗
l,1 E
l,0
33A
µ
l,0,

 , (2.2)
and
jµmn = a
†
mσ¯
µan, (2.3)
where an are two-component Weyl spinors. Indices m,n enumerate generation number,
and overlap constants El,n−mmn can be estimated as
El,m−nmn ≃


l|m−n|+1/2θ
|m−n|
A at lθA ≪ 1,
1√
θA
at lmax ≃ 1
θA
,
e−lF (θA) at lθA ≫ 1.
(2.4)
The fields Aµl,m(x) are expansion coefficients of 6-dimensional field AA(x, θ, ϕ) in spher-
ical harmonics Yl,m(θ, φ). The subscript l in (2.2) enumerates modes with 4D masses
m2l = l(l+1)/R
2, while the subscript m corresponds to the value of the carried 6D angular
momentum or, what is the same, to the generation number G.
We see that fermions have the strongest couplings to the heavy modes with masses
ml =
√
l(l + 1)
R
∼ 1
θAR
.
The reason for this is obvious: modes with l ∼ 1/θ have the largest overlaps with fermionic
wavefunctions of the size θ (θ ≈ θA in our case); (lower modes have larger width in θ while
higher modes oscillate several times at the width of the fermions). We stress that this
feature depends neither on details of localization of fermions and gauge bosons nor on the
shape and size of extra dimensions.
It is worth noting that 4D scalars Aθ and Aϕ do not interact with the fermionic zero
modes and so we omit them in what follows.
The matrix elements of (2.2) and the fermions an, which enter the Lagrangian (2.1),
are the states in the gauge basis, while physically observed mass eigenstates are their linear
combinations. In particular, the mass matrix of the fermions with quantum numbers of
the down-type quarks is given [4, 14] by
MD =

m11 m12 00 m22 m23
0 0 m33

 ∝

 δ
4 ǫδ3 0
0 δ2 ǫδ
0 0 1

 ,
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where δ is given in (1.4) and ǫ ∼ 0.1 is the parameter, which governs mixings. To diagonalize
the mass matrix one should use biunitary transformations,
S†dMDTd =M
diag
D .
The fermions in the mass basis are
Qn = (S
†
d)nmqm , Dn = (T
†
d )nmdm,
where we denoted an as qn for the left-handed and as dn for the right-handed down-type
quarks. If one rewrites the current jµ in terms of the mass eigenstates, then the matrix
Aµ, Eq. (2.2), should be replaced by
A˜µ = S†dA
µSd.
and to the leading order in α, γ and ǫ takes the form

A11 − 2Re(ǫ∗αA12) A12+ǫα(A11−A22)−γǫ∗A13 A13 + ǫ(γA12 − αA23)
A∗12+ǫ
∗α(A11−A22)−ǫγA∗13 A22+2Re(ǫ∗(αA12−γA23)) A23+ǫ∗αA13+ǫγ(A22−A33)
A∗13 + ǫ
∗(γA∗12 − αA∗23) A∗23+ǫαA∗13+ ǫ∗γ(A22−A33) A33 + 2Re(ǫ∗γA23)


µ
,
(2.5)
where the parameters α ≃ δ and γ ≃ δ are dimensionless combinations of the matrix
elements of MD (see Ref. [1] for details).
The interaction of fermions with W± and Z bosons is very similar to the electro-
magnetic couplings discussed above. There are two differences: firstly, the current jµ in
Eq. (2.1) is replaced by the SM charged and neutral weak currents; secondly, the gauge
eigensystem is modified as discussed in Ref. [1]. The latter modification does not change
the results significantly: it is negligible for KK modes and it does not result in flavour
violation for the lowest mode.
As an example, let us discuss interactions of the Z-boson KK tower, which contribute
to the flavour(lepton number)-violating processes. To be specific, let us consider the {23}
element of the matrix (2.5), Zµ23+ ǫ
∗αZµ13+ ǫγ(Z
µ
22−Zµ33). It indicates that the interaction
of the fermionic current jµ23 with gauge bosons Z
µ
l,1 is unsuppressed, interaction with Z
µ
l,2
is suppressed by (ǫ∗α) and interaction with Zµl,0 is suppressed (according to (2.4)) by
ǫγ
(
El,022 − El,033
)
. Taking into account that the subscripts (mn) in jµmn denote generation
numbers one obtains the leading (unsuppresed) interactions of neutral currents,
LNC = g
2 cos θW
∞∑
l=1
El,123Z
µ
l,1
(
gqRs¯O
R
µ b+ g
q
Ls¯O
L
µ b+ g
l
Rµ¯O
R
µ τ + g
l
Lµ¯O
L
µ τ
)
+ h.c. , (2.6)
where OL,Rµ =
1±γ5
2 γµ and constants gL,R defined in the usual way,
gqL = −
1
2
+
1
3
sin2 θW , g
q
R =
1
3
sin2 θW ,
glL = −
1
2
+ sin2 θW , g
l
R = sin
2 θW .
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Process Branching ratio (BR) |∆G|
B0s → µe < 2.0 · 10−7 0
B0 → τe < 2.8 · 10−5 0
B0 → K0µe < 2.7 · 10−7 0
B0 → µe < 6.4 · 10−8 1
B0s → µ+µ− < 4.7 · 10−8 1
B0s ↔ B0s ∆mB0s ≈ 1.17 · 10−8 MeV 2
Table 1. List of flavour(lepton number)-violating processes involving B-mesons which are most
sensitive to new physics in the context of the model.
To confront the model with the experimental results, one needs to integrate out the
heavy KK modes and calculate the effective four-fermion coupling gmn, that is, in each
particular case, to sum up the contributions
glmn = e
2 (E
l,m−n
mn )2
m2l
for all l. A very naive estimate gives, using Eq. (2.4),
gmn ∼ e2lmax ·R2θA = e
2
θA
·R2θA = e2R2
so that
gmn
GF
∼ (MWR)2.
3 Flavour violating processes in B-physics
Our purpose is to determine which processes involving B-mesons are the most sensitive to
the new physics in the context of the model under consideration.
In the case ofK-mesonsK → µe decay appeared to be the most restrictive [1]. This is a
special feature of the theory: usually in the frameworks of models with LED the kaon mass
difference and CP -violation in kaons are the most sensitive to the physics beyond SM (see,
e.g., [19]). The reason is that ∆mK arises from transition K
0 ↔ K0 changing generation
number to ∆G = 2. But in our case the corresponding contribution is suppressed by
factor (δǫ)2. This is also the case for B-mesons. Processes with ∆G = 1, e.g. B0 → µe
or B0s → µ+µ−, and ∆G = 2 transitions, responsible for B0s − B¯0s mass difference, are
suppressed in the same way.
Taking into account this observation, among large number of possible flavour-violating
processes we single out, on the one hand, those with the most stringent experimental
bounds, and, on the other hand, those whose amplitudes are suppressed less by the mixings.
These processes are collected in Table 1 where we have used data from [20]. Below we
present detailed calculations for both ∆G = 0 and ∆G 6= 0 processes.
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3.1 Processes with ∆G = 0
3.1.1 B0s → µe
Let us consider B0s → µe decay which violates lepton family number. Its branching ratio
(BR) is most strongly bounded among two-body B0s decays with ∆G = 0. Under exper-
imental circumstances one does not distinct B0s or B¯
0
s in the initial state and µ
+e− or
µ−e+ in the final state. Thus, four processes possibly can contribute to experimental BR.
However two of them B0s → µ+e− and B¯0s → µ−e+ correspond to ∆G = 0 while two others
to ∆G = 2 and therefore are sufficiently suppressed. Therefore, we calculate the width of
B¯0s → µ−e+ decay and take into account that Γ(B0s → µ+e−) = Γ(B¯0s → µ−e+).
Since B0s is a pseudoscalar it cannot decay through purely vector interaction of the
KK modes of the photon. However, the higher modes of the Z boson interact with a
V −A current and contribute to the decay width. Dominant axial coupling in the effective
four-dimensional Lagrangian has form,
g
2 cos θW
∞∑
l=1
Zµl,1
{
El,123 s¯γµ(−
1
2
γ5)b+ E
l,1
12 e¯γµ(2 sin
2 θW − 1
2
− 1
2
γ5)µ
}
,
where constants El,m−nmn characterise overlap of the Z-boson KK modes with the fermionic
wave functions, see (2.4).
To obtain the effective four-fermion coupling one has to sum over all intermediate KK
modes in a way similar to Sec.2,
Geff =
(
g
2 cos θW
)2 ∞∑
l=1
El,123E
l,1
12R
2
l(l + 1)
=
(
g
2 cos θW
)2
ζR2 ,
where l(l + 1)/R2 is the mass squared of the l-th gauge boson mode and ζ ≃ 0.47 is the
result of numerical evaluation of the sum.
Now it is straightforward to write down the amplitude for B0s → µe decay,
M =
(
g
2 cos θW
)2
ζR2LµH
µ , (3.1)
where Lµ = e¯γµ(−12γ5 − [12 − 2 sin2 θW ])µ is the leptonic current, Hµ = −12fBspµφB is the
hadronic current; pµ, fBs and φB are momentum, decay constant and the wave function of
Bs-meson, correspondingly. We use the numerical value fBs ≃ 200 MeV from [21].
From Eq. (3.1) one obtains the partial decay width,
Γ(B0s → µ+e−) =
G2Fm
4
Zζ
2R4f2BsmBsm
2
µ(1 + (1− 4 sin2 θW )2)
128π
. (3.2)
Using the experimental limit from Table 1,
Br(B0s → µe) = 2Γ(B0s → µ+e−) · τB0s < BB0s→µe = 2.0 · 10−7 , (3.3)
where τB0s is the B-meson lifetime, we obtain the constraint on the size of the sphere R,
1
R
> mZ
(
G2F ζ
2f2BsmBsm
2
µτB0s (1 + (1− 4 sin2 θW )2)
64πBB0s→µe
)1/4
. (3.4)
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Substituting here all necessary numerical values from Ref. [20] we find,
1
R
> 0.7 TeV.
On the other hand, one can use the constraint, arising from the rare kaon decay (1.5),
to find out what is BR of the B-meson if the size of the sphere satisfies to (1.5). Substituting
Eqs. (3.2), (1.5) into (3.3), we obtain
Br(B0s → µe)|R<RK→µe < (64π)−1m4ZR4K→µeG2F ζ2f2BsmBsm2µτB0s (1 + (1− 4 sin2 θW )2) ,
or numerically,
Br(B0s → µe)|R<RK→µe < 4.2 · 10−15 . (3.5)
3.1.2 B0 → τe
B0 → τe decay has two order larger experimental constraint on BR than B0s → µe.
However, since mτ/mµ ≃ 17 we can expect a comparable result. Consideration of these
two processes is quite similar from both experimental and theoretical points of view.
Interaction vertex obtained from (2.5) is
g
2 cos θW
∞∑
l=2
Zµl,2E
l,2
13
{
b¯γµ(−1
2
γ5)d+ e¯γµ(2 sin
2 θW − 1
2
− 1
2
γ5)τ
}
,
and after obvious replacements, one obtains from (3.4),
1
R
> mZ
(
G2F ξ
2f2B0mB0m
2
ττB0
d
(1 + (1− 4 sin2 θW )2)
64πBB0→τe
)1/4
where
ξ =
∞∑
l=2
(El,213 )
2
l(l + 1)
≃ 0.27 ,
τB0d
is the B0d-meson lifetime, and BB0→τe = 2.8 · 10−5 is the experimental bound on
B0 → τe BR. Numerically,
1
R
> 0.65 TeV.
On the other hand,
Br(B0 → τe)|R<RK→µe < 4.1 · 10−13 ,
that is two order of magnitude larger than (3.5), which is a consequence of the large ratio
mτ/mµ.
3.1.3 B0 → K0µe
This decay has the stringent experimental bound on BR among three-body decays with
∆G = 0.
– 8 –
Vertex, responsible for the bs→ µe transition, is
e
∞∑
l=1
Aµl,1
(
−El,123
1
3
bγµs+ E
l,1
12 eγµµ
)
+
g
2 cos θW
∞∑
l=1
Zµl,1
[
El,123
(
2
3
sin2 θW − 1
2
)
bγµs− El,112 e
(
2 sin2 θW − 1
2
+
1
2
γ5
)
γµµ
]
It is worth noting that, because both K and B are pseudoscalars, the process is now
mediated by both Z and photon modes.
The matrix element of hadronic current between external meson states is parametrized
as follows (see [22]):
〈K(p′′)|sγµb|B(p′)〉 = (p′ + p′′)µF1(q2) + M
2
B −M2K
q2
qµ
(
F0(q
2)− F1(q2)
)
,
where q = p′ − p′′ is the total momentum of the leptons.
In the limit of the vanishing lepton masses the only formfactor F1 gives contribution
to the partial decay width. In the kinematically allowed region F1 is given by,
F1(q
2) =
F1(0)
1− q2
M2
,
with F1(0) ≃ 0.25 and M ≃MB . The amplitude of the decay in this limit is
M = 2g2ζR2p′µF1(q
2)eγµ (CV − CAγ5)µ , (3.6)
with
CV =
1
3
sin2 θW − 1
4 cos2 θW
(
1
2
− 2
3
sin2 θW
)(
1
2
− 2 sin2 θW
)
,
CA =
1
2
· 1
4 cos2 θW
(
1
2
− 2
3
sin2 θW
)
.
Calculating the partial decay width from (3.6), one finally obtains,
1
R
> mW
(
G2F ζ
2F 21 (0)m
5
B0τB0(C
2
V + C
2
A)
6π3BB0→Kµe
)1/4
.
Using the value BB0→Kµe = 2.7 · 10−7 for the experimental constraint, we set the limit,
1
R
> 3.3 TeV ,
and for the bound on R obtained from K → µe decay, BR for considering process would
be:
Br(B0 → Kµe) ∣∣R<RK→µe < 2.4 · 10−12 .
Note, that this bound for BR is the same as for K → µe decay at 1/R = 64 TeV.
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3.1.4 ∆G = 0: Summary
To summarize this subsection, among B-mesons decays with ∆G = 0 the most rigid re-
striction has been obtained from the three-body decay while the constraint, arising from
the two-body decay with the same BR (B0s → µe) is the five times smaller. This result is in
contrast to the constraints coming from the kaon decays, where two-body decay K → µe
gives the best result with compare to three-body decay K+ → π0µ+ν [1]. To clarify this
let us compare results for three- and two-body decays,
(1/R)3
(1/R)2
∣∣∣∣
i
= N
(
F 2i
Br3 i
Br2 i
(
mi
fi
)2(mi
mµ
)2)1/4
,
where i = B,K (B-meson, kaon); fi, Fi and Mi are meson decay constants, formfactors
and masses correspondingly (note that FB defined here correspond to F1 from the previous
subsection); N is a numerical factor identical for both K and B-mesons. Therefore
(1/R)3
(1/R)2
∣∣∣∣
B
=
mB
mK
[
fK
fB
]1/2 [FB
FK
]1/2 [Br3B/Br2B
Br3K/Br2K
]1/4 (1/R)3
(1/R)2
∣∣∣∣
K
,
The factors in square brackets are of order of one (we assume that the BR are constrained
on the same precision level separately for B and K-mesons). So we see that due to the
large ratio mB/mK ≃ 11 the three-body decay is more restrictive in the case of B-mesons.
3.2 Processes with ∆G 6= 0
3.2.1 B0 → µe
This decay has the strongest experimental constraint on BR among ∆G 6= 0 forbidden
decays of B0-meson. It is mediated by Zµl,2-bosons carrying G = 2 and Z
µ
l,1 carrying
G = 1. But vertex structure for Zµl,1 contains factor E
l,1
12 −El,123 , what leads to an additional
suppression of order θA ≃ 0.1 comparing to the Zµl,2 contribution [1] and we omit it. So,
the corresponding interaction vertex is given by
g
2 cos θW
∞∑
l=2
Zµl,2E
l,2
13
{
b¯γµ(−1
2
γ5)d+ ǫLαLe¯γµ(2 sin
2 θW − 1
2
− 1
2
γ5)µ
}
where ǫLαL ≃ 0.13 is small parameter specifying lepton mixing. An appearance of the
factor ǫLαL in the first power before the second term indicates that this term violates
generation number (angular momentum) G by unit. Successive treatment is just the same
to that in the cases of B0s → µe and B0 → τe. The final result is the following,
1
R
> mZ
(
G2F ξ
2(ǫLαL)
2f2B0mB0m
2
µτB0(1 + (1− 4 sin2 θW )2)
64πBB0→µe
)1/4
,
where BB0→µe = 6.4× 10−8 is the experimental restriction on B0 → µe BR. Numerically,
1
R
> 0.15 TeV.
and for R < 64 TeV:
Br(B0 → µe) ∣∣R<RK→µe < 3.6 · 10−18 .
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3.2.2 B0s → µ+µ−
This process is under keen interest of CMS and LHCb experiments [23]. But unlike decays
considered above it occurs in the SM through higher order loop diagrams. SM prediction
for its BR is 3.2± 0.2× 10−9 [24, 25]. Current experimental limitation on B0s → µ+µ− BR
is BB0s→µ+µ− = 4.7 × 10−8 [20]. Due to the presence of SM contribution further statistics
accumulation will not lead to significant improvement of a restriction, which we can obtain.
Taking this into account we will make rough estimation. Particularly, we will neglect some
cancellations that happen owing to the vertex structure.
B0s → µ+µ− decay occurs with ∆G = 1, so its amplitude is suppressed by the first
power of the mixing parameter ǫLαL. The corresponding vertex is given by
g
2 cos θW
∞∑
l=0
El,123Z
µ
l,1
(
−1
2
bγµγ5s−
√
2eLαLµ
[
1
2
γµγ5 +
(
1
2
− 2 sin θW
)
µ
])
,
Performing calculations in the same manner as previously, we find,
1
R
> mZ
(
G2F ζ
2(ǫLαL)
2f2BsmBsm
2
µτBs(1 + (1− 4 sin2 θW )2)
8πBB0s→µ+µ−
)1/4
and numerically,
1
R
> 0.5 TeV .
Experimental constraint on R, required to obtain 1/R > 64 TeV limit, is
Br(B0s → µ+µ−)|R<RK→µe < 1.6 · 10−16 ,
and is negligible comparing to the SM contribution.
3.2.3 ∆mBs
Gauge bosons carrying a non-zero angular momentum G can contribute to the mass dif-
ference ∆mB. This mass difference appears due to the transitions B
0
s ↔ B¯0s with ∆G = 2.
Corresponding contribution is
∆′mB = 2Re〈B0s |H∆G=2|B¯0s 〉
and should be less than experimental value: ∆mBs ≈ 1.17 · 10−8MeV.
Because of the large value of the strong interaction constant gs ≃ 1.1, the dominant
contribution to the b¯s↔ s¯b transition originates from the gluon KK modes exchange. The
relevant interaction is
(ǫdγd)gs
∞∑
l=1
(
El,022 − El,033
)
Gµil,0b¯γµ
λi
2
s+ h.c.
Corresponding contribution to the mass difference
∆′mB ≈ 2Re〈B0|H∆G=2|B¯0〉 =
= mBf
2
B
8g2S
9
{
(ǫdγd)
2 + (ǫuγu)
2 +
(
mB
mb +ms
)2
ǫdγdǫuγu
}
∞∑
l=1
(
El,022 − El,033
)2 R2
l(l + 1)
,
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where the matrix element was estimated by making use the vacuum insertion approximation
[26].
We note that, besides the expected (ǫdαd)
2, there are two additional suppression factors
(see [1]). First of them arises due to the structure of the sum
∞∑
l=0
(El,022 − El,033 )2
1
l(l + 1)
∼ θA2 ,
where θA ≃ 0.1. The second one is αu ∼ δ3 whereas αd ∼ δ. Therefore, for all parameters
taken from [20], we obtain the limit on R,
1
R
> (ǫdγd)gsfBθA
√√√√ζ 8
9
(
1 +
(
mB
mb +ms
)2 ǫuγu
ǫdγd
)
mB
∆mB
≃ (ǫdαdθA)
√
1 + 1.6
ǫuαu
ǫdαd
· 90 TeV ≈ 90 GeV.
We see that, if one even does not take into account all suppression factors except αd ∼ δ ∼
0.1, the constraint on the radius R < (10 TeV)−1 will be less restrictive than one obtained
from K → µe decay.
It is worth noting that in the model under consideration there are no interactions
which can contribute to ∆mB0 since KK modes, which are carrying angular momenta G
exceeding two units, do not interact with the fermionic zero modes at tree level.
Higher excitations of gluon field could also contribute to the processes with CP -
violation, such as B0 → K+π− decay. For the same reasons as for the mass difference,
CP -violating processes are not restrictive enough, so we present only the final result:
1
R
> (ǫdαdθA)
1/2 · 24 TeV ≈ 0.75 TeV.
4 Constraints from processes with D-mesons
To complete our consideration of rare heavy-meson decays we shortly discuss processes
with D-mesons, i.e. mesons that contain one c-quark and one light quark.
We calculate the limits on 1/R from D-meson decay partial widths. One can expect
that constraints from D decays would be less rigid than ones from B decays. Really, the
mass mD = 1.9 GeV three times smaller than mB . Also, mean lifetime of D0 is four times
smaller. Finally, experimental BR of the forbidden D-meson decays are typically greater
than BR in B-decays due to the low statistics. Calculations similar to those performed in
the previous sections lead to 1/R < 0.3 TeV for D0 → µe decay and this is the best result
from decays of D-mesons.
The decay D0 → µ+µ− is caused by the box diagram in SM [27] Therefore, it is
interesting from the experimental point of view. Using the value 1/R = 64 TeV one can
obtain BR of D0 → µ+µ− in an assumption that it is caused only by the heavy KK modes.
This BR is Br(D → µ+µ−)|R<RK→µe < 1.6 · 10−17, and so the contribution of the KK
modes is negligible as compared to SM one. Thus, decays of D-mesons is less interesting
in the context of the model.
– 12 –
5 Conclusions
In recent years, there has been considerable experimental progress in the study of the
physics of heavy B and D-mesons. In this regard, we returned to the question how rare
or forbidden flavour-changing processes may limit the six-dimensional model with a single
generation of vector-like fermions in the bulk [1, 12, 13]. Previously, in the context
of the model it has been demonstrated how to explain an origin of the charged fermionic
generations of the SM fermions and fermionic mass hierarchy without introducing a flavour
quantum number: three families of four-dimensional fermions appear as three sets of zero
modes developed on a brane by a single multi-dimensional family while the fermionic wave
functions inevitably produce a hierarchical mass matrix due to different overlaps with the
Higgs field profile. In fact, the role of a family number is played by (almost) conserved
angular momentum, corresponding to the rotations in the extra dimensions, while the
hierarchy is governed by one parameter δ ∼ 0.1. It also has been shown, that massive
neutrinos can be easily incorporated into the model and have predicted an inverted pseudo-
Dirac mass pattern with ∆m212/∆m
2
13 ∼ δ2 ∼ 0.01 [11], at least one maximal angle and one
small sin θ13 ∼ δ ∼ 0.1 in the neutrino mixings matrix2. We also have noted that higher
excitations of the gauge bosons mediate interesting neutral flavor-changing, but family-
number conserving (in the absence of mixings) interactions. We have investigated “usual”
flavour-changing processes, that are, as a rule, used to yield strongest constraints on new
physics. We have found, that the strongest limit on the model arises from non-observation
of the decay K → µe; it requires that the size of the extra-dimensional sphere (size of
the gauge-boson localization) R satisfies 1/R & 64 TeV. A clear signature of the model
would be an observation of K → µe decay without observations of µ → e¯ee, µ → eγ and
µe-conversion at the same precision level [1].
In this paper we addressed specifically flavour-changing processes involving B and D-
mesons with the aim to single out those processes that yield the strongest constraint on
the size R. We found that the best limit 1/R > 3.3 TeV arises from the three-body decay
B0 → Kµe in contrast to the two-body decay K → µe in kaons. This bound is much
less stringent than the constraint arising from K → µe. The reason is, of course, in the
still too poor statistics: the experimental bound on the branching ratio of K → µe is
2.4 · 10−12 while for the B-meson decay is 2.7 · 10−7. However, it is hoped that thanks
to the current and future experiments statistics will be improved. In particular, to reach
the kaonic constraint on 1/R & 64 TeV one needs to limit the B-meson branching ratio
on the level 2.4 · 10−12. Interestingly, that this is the same level as for kaons. It means
in particular, that the distinctive feature of the model would be an observation K → µe
and B0 → Kµe decays without observations other flavour-changing processes at the same
precision level.
2We would like to emphasize here, that, firstly, these results are in a good agreement with the existing
experemental data [28, 29], and, secondly, the parameter δ in the neutrino sector is the same as for the
quark sector
– 13 –
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